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EXECUTIVE  SUMMARY 


The  purpose  of  this  project  was  to  evaluate  the  ability  of  class  C  cargo  compart¬ 
ments  to  suppress  and  control  cargo  fires.  It  was  determined  in  previous  work 
that  class  D  cargo  compartments  with  good  fire  barrier  liners  could  contain  baggage 
fires.  As  a  result  of  that  work,  a  more  severe  test  method  was  proposed  to 
evaluate  the  burn-through  resistance  of  class  D  cargo  liners.  Class  D  cargo 
compartments  depend  on  the  limited  availability  of  oxygen  through  restrictions  on 
volume  and  leakage  rates  to  suppress  any  fires  that  are  likely  to  occur.  The 
liners  used  in  class  D  cargo  compartments  must  be  able  to  maintain  their  integrity 
after  exposure  to  direct  flame  impingement  for  several  minutes  before  oxygen 
starvation  reduces  the  flaming  combustii  a  to  a  smoldering  state. 

Class  C  cargo  compartments  are  generally  larger  than  class  D  compartments  and 
detection  and  suppression  systems  are  required.  The  liners  used  in  these  cargo 
compartments  must  also  maintain  their  integrity  after  exposure  to  direct  flame 
impingement  for  up  to  several  minutes  before  detection  occurs  and  the  suppression 
system  is  discharged.  In  this  case,  the  integrity  of  the  liners  is  important  to 
limit  the  mixing  of  cabin  exhaust  air  with  the  air  in  the  cargo  compartment. 
Failure  to  do  this  could  result  in  a  concentration  of  Halon  that  would  be  insuffi¬ 
cient  to  suppress  the  fire  for  the  length  of  time  required  during  aircraft  certifi¬ 
cation.  Some  of  the  cargo  liners  used  in  class  C  cargo  compartments  do  not  pass 
the  more  severe  proposed  test.  This  study  was  undertaken  to  determine  if  the 
liners  used  in  class  C  cargo  compartments  need  to  demonstrate  the  same  high  burn- 
through  resistance  as  class  D  cargo  liners. 

Twenty-three  fire  tests  were  conducted  in  the  2357-cubic  foot  class  C  cargo 
compartment.  The  test  variables  included  the  cargo  lining  material,  fire  source, 
loading  conf igurat  ion  and  smoke  detectors.  The  cargo  liners  used  in  these  tests 
passed  the  vertical  and  43°  flammability  requirements  of  FAR  25.833  and  FAR 

23.855  but  not  all  of  the  liners  passed  the  more  severe  test  proposed  for  class  D 
cargo  lining  material. 

One  of  the  major  conclusions  of  this  study  is  that  the  test  method  specified  in  FAR 

25.855  does  not  assure  that  class  C  cargo  liners  will  not  burn  through  when 
subjected  to  realistic  fires.  In  addition,  class  C  cargo  compartments  are  not 
effective  at  controlling  fires  after  a  liner  burn-through  has  occurred.  Another 
major  finding  is  that  the  smoke  detection  system  used  did  not  always  give  an  early 
warning  of  fire  and  subsequently  gave  false  indications  of  the  level  of  smoke  in 
the  compartment  . 


INTRODUCTION 


PURPOSE. 

The  objective  of  this  project  was  to  experimentally  determine  the  effectiveness  of 
contemporary  class  C  cargo  compartment  designs  in  suppressing  and  containing 
cargo  fires.  It  was  determined  in  previous  work  that  class  D  cargo  compartments 
with  good  fire  barrier  liners  could  contain  baggage  fires  (reference  1).  As  a 
result  of  that  work,  a  more  severe  test  method  was  proposed  to  evaluate  the  burn- 
through  resistance  of  class  D  cargo  liners  (reference  2).  Class  D  liners  that 
did  not  pass  this  test  did  not  successfully  contain  cargo  fires  in  all  cases. 
Some  of  the  cargo  liners  used  in  class  C  cargo  compartments  did  not  pass  that 
proposed  test.  This  study  was  undertaken  to  determine  if  the  liners  used  in 
class  C  cargo  compartments  need  to  demonstrate  the  same  high  level  of  burn-through 
resistance  required  of  class  D  cargo  liners. 

BACKGROUND. 

The  majority  of  the  cargo  compartments  on  Ur.!~ed  States  (U.  S.)  wide  body  transport 
aircraft  are  certified  as  class  C  compartments.  They  range  in  volume  from  735  to 
6200  cubic  feet.  The  requirements  for  certification  of  cargo  compartments  are 
listed  in  appendix  A.  Basically,  class  C  compartments  are  required  to  have  smoke 
detectors  and  fire  suppression  systems  as  well  as  the  ability  to  control  ventila¬ 
tion.  The  smoke  detectors  currently  used  are  the  photoelectric  type.  These  are 
activated  when  smoke  particles  scatter  a  beam  of  light  onto  a  photocell  to  trigger 
an  alarm.  The  alarm  usually  consists  of  both  an  aural  tone  and  warning  lights  in 
the  cockpit. 

The  typical  crew  procedure,  in  the  event  of  an  alarm,  is  to  manually  select  the 
cargo  compartment  for  discharge,  shut  off  any  forced  ventilation  into  that  compart¬ 
ment  and  then  manually  discharge  the  suppression  agent.  On  some  aircraft,  the 
selection  of  the  cargo  compartment  for  discharge  will  automatically  shut  off  any 
forced  ventilation  into  that  compartment.  Dual  smoke  detectors  are  commonly  used 
to  prevent  false  alarms.  Both  detectors  must  signal  the  presence  of  smoke  before 
action  is  taken  by  the  flight  crew.  Each  detector  is  required  to  have  a  test 
circuit,  controllable  from  the  cockpit  to  confirm  the  functioning  of  the  detectors. 
The  time  from  the  activation  of  cargo  smoke  alarm  until  agent  discharge  varies  with 
crew  reaction  time  and  the  emergency  procedures  of  the  particular  aircraft.  The 
fire  suppression  systems  use  Halon  1301  as  the  agent.  The  initial  discharge  bottle 
holds  the  amount  of  agent  necessary  to  provide  a  concentration  of  five  percent  in 
an  empty  cargo  compartment.  A  backup  bottle  of  agent  is  also  provided  and  is  used 
to  maintain  a  concent  rat  ion  of  at  least  three  percent  in  the  compartment  for  up  to 
one  hour  after  the  initial  bottle  has  been  discharged.  The  performance  of  the 
suppression  system  is  verified  by  flight  tests  during  the  aircraft  certification 
process.  The  cargo  liners  used  in  class  C  compartments  must  meet  the  vertical 
self-extinguishing  and  45°  burn  through  tests  specified  in  FAR  25.853  (b)  and  FAR 
25.855  ( a- 1 ) . 
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DISCISSION 


IKSr  ARlUILK. 

Thf  test  art  it  1  was.  the  alt  sect  i  mi  a  s  n  —  1 0  —  30CF  fuselage  between  stations  1460 
anO  1480.  Tin  bulkhead  that  scp.ii  , t  . !  ’  n  ;  cargo  i ompartment  and  the  aft 

bulk  .it  ’<■  ,  ,B|  it  t  ment  was  i  --in  e  lew.  i  go  compartment  with  a 

!.;:c-  ■  t  >  i  ,  -ib  i  s.  It.  i  .  >  ;  ■. .  i  ■  !• .  -p.-  .  m  ;  dimensions  o  t  the  cargo 

i  napai  i  meat  .  Existing  a  c  1  i  i  .  •.  ...  i  •  '•■■■:  a:-.,  i. -placed  with  galvanized 

st.-el,  A  i  re  I  aft  .  a  c  i  1 1  Mooring  w  e  1 ..  'a...  i  i  .  ?  :•  •  ■>.  bead  cabin.  The  ends  of 
the-  t  ii.sel  age  were  t  apped  oft  w  i  t  n  ■■■  f  ■  t  -  - :  ■  a',.,  ill  unnecessary  doors  and 

windows  were  seal.-d.  Access  a  >i  s  i  •  ■  :  il  i  i .  .ted  : . ,  i  tie  cabin  and  cargo  compart- 

me -it  .  Ventilation  w  pp  1  t I  to  tie  ■  .ib  :  a  •  h  i  'ugi:  i  wo  I  i-  t  ich  d  i  ame  t  er  perfora- 

t  but  woe  installed  icai  the  .  .  i  i  \  ng  of  tie*  c  ah  i  i  and  ran  the  length  of 

'  ■  i  ■  to  ge.  Ait  was  tothed  f  1 1  r  o  i  i :  -  i  i  rii  -so  .Im  t  s  dating,  testing  at  the  rate  of 

hi  .  teet  pet  Minute  (cFMi  wh  i .  it  provided  approximately  one  air  change  every 
t  out  i.iiaates.  I'n  i  s  iii  flowed  .nit  o!  tie-  cabin  through  openings  along  the  sides  of 

the  ..  abin  t  I  oor ,  down  around  the  coign-  •.  .impart  ment  and  exited  through  an  outflow 

;  i  v  ■  located  in  tie  ait  section  ot  :  use  l  age ,  under  the  cargo  compartment 

t  loot  .  A  system  coils  l  i  ft;;  of  a  fan,  \  v.-,  and  dinting  was  installed  in  the  cheek 

area  of  the  test  at!  i .  ■  Inis  svs  •  ;  w  is  used  t  i  force  air  into  the  cargo 

compart  ment  at  .bn.)  CF  1  .  ■'  •  imu  Sated  a  heating  and  ventilation  system  used  on  some 

urp'cies.  mis  i  vent  1 1  at  ion  system  i  sometimes  referred  to  as  a  pet 

a ' f  s v s t en  and  i >  vide  an  environment  suitable  for  the  transportation  of 

live  animals.  r.e-  ;  ,  i  at  e  from  the  cargo  <  .impart  ment  was  controlled  by  a 

.-ert  Mated  d  :<  !  i  •  <  ..  i  .gar*,  ment  leading  to  a  v  i'vc  and  a  calibrated  orifice 

T.  o'.ed  -it-  i'  :  c.  •  .iiticle.  :  Th  i  s  system  was  used  to  raise  the  leakage  rate 

■  '  -m  :  1 1-  -  nvn*.  t  Cl’M  which  was  the  leakage  rate  measured  from  an  in¬ 
s'  vie  Iasi  i  a  i  g  ■  .  sup  irt  ment  of  comparable  size.  Figures  2,  3,  and  4  i  1  lus¬ 
tra! .  Die  vent  i  1  at  i  ,•>  sv  .  ten-  used.  The  leakage  and  ventilate  .  rates  in  the  test 

till-  ii  c  ir  rt  »).i  • ,  ;*t  were  I  •' t  e  rmi  tied  by  filling  the  c  i*  1 1  ;*•  .i"  .nent  with  either 

i- bon  it  si  ! i *  -r  i  .  ei  1  measuring  the  rate  of  decay  of  tin:  ex;  inguishing  agent 

1  ■  e:,i  i  i  •  5 ; ,  i'iiis  v  i  r  hi  n  equated  to  a  leakage  rate  (reference  3). 

!  I  > it  I  N< ,  SV. .  I 

I  '■  -  <1  ;  u  i  sh  i  m.'  ‘I'.'st  om  .  mss  i  s  t  od  of  three  ,  .  bat  gab  le  Hal  on  1301  fire  bottles 

anted  'ii  a  rcii!  M  t  hat  ran  down  the  ■.  o:  t  «.-r  1  i  ne  of  the  fuselage  between  the 

’s’  ■  'iliac  1  i  and  the  •  ,ib::i  floor.  I'.ilon  was  discharged  into  the  cargo 

t  o',  "nib  a)  ;  i  in,;  level  t  h  rough  :ive  i.-zzies  connected  to  the  manifold, 

i.e  4  illustrates  the  ■  x  t  i  ng  u  i  s  ii  i  ng  s',  si-m.  Pie  initial  iischarge  of  Halon  was 

""pi  i  .ii"  1  by  ;mu  i  t  .menus  1  y  firing  t  v  >  the  fire  hot  :  1  er?  which  contained  25 

■n  :  .  ■  !  /.t  i  i,.”i  i  s;\ i  ug  age  :U  e.iih.  IP  s  .  i  .  agent  wai  i  produce  an  initial 

c.  ent  i  it  i’n  ot  t  IV"  per.ent  by  v>  •  1  nine  in  the  empi  v  t"st  art  i  le.  The  third  fire 

■  t  ie  list,  contained  25  pounds  ot  ext  iiiguishing  a-ei1  and  was  used  as  the  backup 

■t  ge  .  Tits  !>  a.  k  1 1  p  charge  was  tired,  when  tie  •  -  n  •••  •  t  .inniites  after  the 

ni*  !  a  i  !  i  si  barge .  Ibis  was  the  time,  d-Menm-i.  I  *  <  .• ,  that  the  concent ra- 

i  ! i  b  .‘la!  >n  from  the  initial  discharge  would  d  I  percent.  Discharge 

-'ii-'  uiiiecied  re  the  facility'  oxt  i  ng"  ’  sh  i  ng  svs:  installed  in  the  cabin 

•  tiiit  at' go  eoinpart  t.  "lit  for  test  atticle  pi  'tec  t  ion. 
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SMOKE  DETECTION. 


An  air  sampling,  smoke  detection  system  was  installed  in  the  test  article.  It 
consisted  of  four  pickup  ports  on  the  centerline  of  the  cargo  compartment,  two 
inches  below  the  ceiling  liner.  The  facility  vacuum  system  was  used  to  draw  air 
from  these  pickup  ports  through  the  smoke  detectors.  Figure  6  illustrates  the 
smoke  detection  system.  Two  photoelectric  detectors  were  used  for  all  tests.  It 
was  these  detectors  that  determined  the  time  that  airflow  into  the  compartment  was 
reduced  and  the  suppression  agent  was  discharged.  Two  ionization  detectors  w  re 
added  to  the  system  for  tests  5  through  21  for  comparison  purposes.  A  new  smoke 
detection  system  was  fabricated  for  tests  22  and  23.  New  tubing  was  installed  and 
the  number  of  pickup  ports  was  increased  to  6.  New  detectors  were  also  installed 
for  t hese  tests. 

INSTRUMENTATION. 

A  total  of  forty-five  chromel/alumel  t hermocoupl es  were  installed  throughout  the 
test  article.  Twenty-three  of  these  were  evenly  spaced  in  the  cheek  area  and  in 
the  area  between  the  cargo  ceiling  liner  and  the  cabin  flooring.  These  were  used 
to  record  temperatures  outside  of  the  cargo  compartment  and  to  help  determine 
the  time  of  burn-tnrough ,  should  it  occur.  The  remaining  twenty-two  thermocouples 
were  positioned  throughout  the  cargo  compartment. 

Four  smoke  meters  consisting  of  a  collimated  light  beam  incident  upon  a  photocell 
were  installed  in  the  test  article.  One  of  these  was  in  the  center  of  the  cargo 
compartment  approximately  one  foot  below  the  ceiling  liner.  The  three  additional 
smoke  meters  were  installed  in  the  upstairs  cabin  at  heights  of  32  inches,  64 
inches,  and  9b  inches  above  the  cabin  floor. 

The  Halon  1301  concentration  in  the  cargo  compartment  was  measured  at  two  different 
locations  using  two  Beckman  Model  865  Infrared  analyzers.  A  sampling  system 
was  used  to  enable  the  concentration  to  be  measured  at  four  different  heights  at 
the  two  locations.  Each  height  was  measured  for  one  minute  before  proceeding  to 
the  next  height.  This  cycling  continued  for  the  duration  of  the  test. 

The  oxygen  concentration  in  the  cargo  compartments  was  measured  with  a  Beckman 
0M11EA  Oxygen  analyzer.  The  sampling  point  was  in  the  center  of  the  cargo  compart¬ 
ment  at  a  height  of  four  feet.  Figures  7,  8,  and  9  show  the  location  of  the 
instrumentation  in  the  test  article. 

TEST  SERIES. 

A  total  of  23  fire  tests  were  conducted  in  the  2357-cubic  foot  cargo  compartment  of 
the  test  article.  Tests  were  conducted  using  galvanized  steel,  fiberglass/ 
polyester,  and  Kevlar/epoxy  cargo  lining  materials.  Table  1  gives  a  summary  and 
brief  description  of  the  23  tests. 

The  fire-load  for  tests  1  through  12  consisted  of  a  cloth  gym  bag  filled  with 
rags,  newspaper,  and  matches.  This  was  set  in  among  a  variety  of  types  of  suitcases 
tilled  wi^h  clothes.  The  matches  in  the  gym  bag  were  ignited  with  Nichrome  wire  to 
start  the  test.  The  fire-load  for  tests  13  and  14  consisted  of  cardboard  boxes 
filled  with  packing  foam,  newspaper,  and  matches  and  placed  inside  an  aluminum  LD-3 
cargo  container  with  a  po 1  yes t e r/PVC  door  covering.  The  matches  were  ignited 
with  Nichrome  wire.  Tests  15  through  23  used  a  fire-load  similar  to  the  ones  used 
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TABLE  1 .  SUMMARY  OF  TESTS 

SMOKE  (SECS) 

TEST 

No.  LINER 

DETECTION 

FIRE  LOAD 

COMMENTS 

1 

Galvanized 

Steel 

71 

Cloth  bag 
with  rags, 
newspaper 
and  matches 

Initial  Halon 
discharge 
extinguished 
fire 

2 

Galvanized 

Steel 

87 

same 

Fire  was  sup¬ 
pressed  but 
not  extinguished 

3 

Galvanized 

Steel 

25 

same 

Initial  Halon 
discharge  extin¬ 
guished  fire 

4 

Galvanized 

Steel 

85 

sane 

Fire  was  sup¬ 
pressed  but 
not  extinguished 

5 

Fiberglass 

13  mil 
ceililng 

206 

same 

Fire  was  sup¬ 
pressed  but 
not  extinguished 

6 

Fiberglass 

1  3  mil 
ceiling 

173 

same 

Fire  was  sup¬ 
pressed  but 
not  extinguished 

7 

Kevlar 

11  mil 
ceiling 

100 

same 

Initial  Halon 
discharge  extin¬ 
guished  fire. 

8 

Kevlar 

11  mil 
ceiling 

112 

same 

Fire  was  sup¬ 
pressed  but 
not  extinguished 

9 

Kevlar 

11  mil 
ceJ 1 lng 

99 

same 

Delayed  Halon 
firing  for  one 
minute  after 
detection.  Larg< 
hole  burned  in 
liner.  Open 
flaming  in 
compartment 
after  40  minutes 
Second  Halon  diS' 
charge  did  not 
suppress  fire. 

10 

Kevlar 

11  mil 
ceiling 

76 

same 

Delayed  Halon 
firing  for  one 
minute  after 
detection.  Larg 
hole  burned  in 
liner.  Fire 
continued  to 
smolder  but 
no  flames  were 
observed 

1 1 

Fiberglass 

13  mil 
ceiling 

59 

same 

Delayed  Halon 
firing  for  one 
minute  after 
detection.  Fire 
was  suppressed 
but  not  extin¬ 
guished. 

TABLE  L.  SUMMARY  OF  TESTS  ( I'.-nt  i ) 


Kevlar 

17  rail  celling 
27  mix  sidewall 


l  /•  1  a  y  f.  c  H  a  1  o  n 

firing  for  one 
minute  af ter 
detection.  Fire 
was  suppressed 
tut  not  extin¬ 
guished.  No  burn 


Kevlar 

250 

Box  filled 

Fire  was 

1  1  mil 

with  foam, 

c  o  n  t  a  i  n  e  d 

ceiling 

news  pa  pe r 

in  aluminum 

and  matches 

l.D-3  with 

inside 

polyester 

car zo  con- 

rvr  door 

1 3 1  n  e  r  . 

cover:  r.  g 

Kevlar 

119 

Box  filled 

Fire  turned 

11  mil 

with  foam. 

thro urn 

ceiling 

newspaper 

p olyester/P V C 

and  matcnes 

door  covering  at 

i ns: de 

apout  the  same 

cargo  cor.- 

time  as  detec- 

tamer 

t i on .  Ha  1  on 
sup  pressed  the 
fire.  No  liner 
burn  through 

Kevlar 

214 

Cloth  bat 

Smoke  and  flames 

17  mil 

with  r  a  e  s . 

were  visible  i  r. 

ceiling 

new spa  per 

overhead  cabin 

and  matches 

before  detection 

and  1/5 

so  Halon  was 

g  a  i  1  c  n  c  f 

fired  early,  at 

rum 

14''  seconds. 

Ha  Ion  suppressed 
the  fire. 


Kevlar 
17  mil 
ceil  ing 


Kevlar 
17  mil 
ceiling 


Fire  burned 
through,  liner  at 
approximately  the 
same  time  as 
detection.  Fire 
was  suppressed 
but  not  extin¬ 
guished  . 

Fire  burned 
through  liner  at 
aproximately  the 
same  time  as 
detection.  New 
detectors  were 
used  for  this 
test.  Open 
flaming  in  com¬ 
partment  at  80 
.r. ut.es  .  FI  ames 
visible  in  cabin 


F i bergl as: 
13  mil 
ceiling 


Fire  was  sup¬ 
pressed  but  not 
ext  i n gu i shed . 
Some  smoke  in 
cabin. 


3 


TABLE  1 


SUMMARY  OF  TESTS  (Continued) 


19  Fiberglass 
13  nil 
ceiling 


20  Fiberglass 
13  mil 
ceiling 

21  Fiberglass 

13  mil 

celling 


22  Kevlar 
17  mil 
ceiling 


23  Kevlar 
17  mil 
ceiling 


cloth  bag  First  Halon 

with  rags,  discharge  extin- 

newspa per ,  guished  fire. 

matches 

and  one 

quart  methyl 

alcohol . 


140  sane 


10  boxes, 

suitcases 


58  cloth  bag 

with  rags, 
newspaper, 
marches , 
and  one 
quart  methyl 
alcohol . 


First  Halon 
discharge  extin¬ 
guished  fire. 

Incendiary  device 
in  suitcase. 

First  Halon  dis¬ 
charge  extin¬ 
guished  fire. 

Fire  was  sup¬ 
pressed  but 
not  extinguished. 
No  burn  through 


186  same  as  22,  Fire  was  sup- 

except  bag  pressed  but  not 
zipped  extinguished, 

close  No  burn  through. 


6 


in  tests  1  through  12.  The  only  difference  was  the  addition  of  a  small  quantity 
of  flammable  liquid.  One  fifth  of  a  gallon  of  151-proof  rum  was  used  in  tests  15 
through  18  and  one  quart  of  methyl  alcohol  was  used  in  tests  19  through  23.  This 
liquid  was  put  in  plastic  bags  inside  the  gym  bag  and  was  arranged  to  rupture  at 
the  start  of  the  test.  This  was  done  to  simulate  the  potentially  damaging  type  of 
cargo  fire  that  ignites  quickly  with  very  little  smoke  initially.  A  partially 
loaded  cargo  compartment  was  simulated  by  filling  approximately  forty  percent  of 
the  compartment  volume  with  cardboard  boxes  filled  with  packing  foam.  These  boxes 
were  only  used  to  displace  the  air  in  the  compartment  and  were  not  involved  in  any 
fires.  Galvanzied  steel,  0.013-inch  fiberglass/polyester  and  0.011-inch  and 
0.017-inch  Kevlar/epoxy  ceiling  liners  were  used  in  the  tests.  These  liners  were 
installed  in  a  section  of  the  ceiling,  covering  an  area  approximately  72  inches  by 
90  inches  with  the  fire  source  centered  under  that  section.  Test  12  also  used  a 
0.027-inch  Kevlar/epoxy  sidewall  liner  in  addition  to  the  ceiling  liner.  The  fire 
for  test  12  was  ignited  approximately  one  foot  away  from  the  cargo  compartment 
sidewall,  adjacent  to  the  Kevlar/epoxy  test  section. 

The  procedure  used  in  these  tests  was  to  operate  the  pet  air  system  at  its  full 
capacity  of  260  cubic  feet  per  minute  at  the  start  of  the  test.  When  both  photo¬ 
electric  smoke  detectors  signaled  the  presence  of  smoke,  and  after  a  predetermined 
delay  time,  the  pet  air  fan  was  turned  off  and  50  pounds  (lbs)  of  extinguishing 
agent  was  discharged  into  the  cargo  compartment.  The  conditions  in  the  cargo 
compartment  were  then  monitored  for  up  to  two  hours.  If  the  fire  was  not  extin¬ 
guished  by  the  initial  agent  discharge,  the  backup  bottle  of  25  lbs  of  halon  was 
discharged  54  minutes  after  the  initial  discharge. 

TEST  RESULTS  AND  ANALYSIS. 

The  test  fires  penetrated  and  burned  away  sections  of  ceiling  cargo  liners  in  five 
of  the  tests  conducted. 

The  following  are  the  test  numbers  and  conditions  when  the  burn-thr oughs  occurred. 

TEST  9.  The  fire  was  ignited  in  a  cloth  bag  filled  with  rags,  newspaper,  and 
matches  and  placed  approximately  18  inches  below  the  0.011-inch  thick  Kevlar 
ceiling  liner.  Halon  was  discharged  into  the  cargo  compartment  approximately  one 
minute  after  the  detection  of  smoke.  Approximately  40  minutes  after  the  initial 
discharge,  flaming  combustion  was  visible  in  the  cargo  compartment.  The  backup 
Halon  bottle  was  discharged  at  43  minutes  when  the  overhead  cabin  filed  with  smoke 
and  flames  were  observed  coming  through  cracks  in  the  cabin  flooring.  The  fire 
melted  some  of  the  aluminum  structure  to  which  the  cargo  liners  were  attached  and 
charred  the  underside  of  the  cabin  flooring.  The  fire  did  not  burn  through 
the  cabin  flooring  but  some  flames  did  come  through  the  cracks  where  the  cabin 
floor  was  attached  to  the  seat  tracks.  There  was  no  combustable  materials  such  as 
carpets  or  seats  in  the  cabin  that  could  possibly  have  ignited.  The  backup  bottle 
of  halon  did  not  suppress  the  fire.  The  facility  C02  fire  extinguishing  system 
was  used  to  terminate  the  test  at  44  minutes.  A  hole  approximately  40  inches  by  28 
inches  was  left  in  the  ceiling  liner. 

TEST  10.  The  fire  was  ignited  in  a  cloth  bag  filled  with  rags,  newspaper,  and 
matches  and  placed  approximately  18  inches  below  the  0.011-inch  thick  Kevlar 
ceiling  liner.  Halon  was  discharged  into  the  cargo  compartment  approximately  one 
minute  after  the  detection  of  smoke.  The  backup  halon  bottle  was  discharged  54 
minutes  after  the  initial  discharge.  A  hole  approximately  31  inches  by  20  inches 
was  left  in  the  ceiling  liner. 


TEST  I 5.  The  fire  was  ignited  in  a  cloth  f i 1  Led  with  rags,  newspaper,  matches, 

and  >r:e  fifth  of  a  gal  Lon  oi  rum  arid  plated  approx  i  mate  Lv  18  inches  below  the 

.  i)  !  /  -  i  neh  thick  Kevlar  ceiling  iiner.  Halo  n  was  discharged  into  the  cargo 

c  •  *  in  |  ailment  at  approximately  two  and.  a  half  minutes  when  flame  and  smoke  were 
visible  in  the  cabin.  Smoke  detection  did  not  occur  until  approximately  three  and 
a  lialf  minutes.  The  initial  halon  discharge  extinguished  the  fire,  A  hole 
appi  >x  i  mu!  e  1  v  !  inches  in  dinner  r  was  left  in  the  ceiling  liner. 

TEST  ]t>.  The  tire  was  ignited  in  a  cloth  hag  filled  with  rags,  newspaper,  matches, 
and  one  fifth  of  a  gallon  of  rum  and  placed  approximately  18  inches  below  the 
0.017-inch  thick  Kevlar  ceiling  liner.  Halon  was  discharged  into  the  cargo 

compartment  approximately  25  seconds  after  smoke  detection.  This  discharge 
suppressed  too  f  >  am...  s  but  did  not.  extinguish  the  fire.  The  backup  bottle  of  halon 
was  d :  t;  urged  >4  minutes  after  the  initial  discharge.  No  flames  were  observed  but 
the  fire  continued  to  smolder.  A  hole  approx imately  12  inches  in  diameter  was  left 
l n  t  he  ce i  1  i ng  1 i net . 

TEST  1 7 .  The  fire  was  ignited  in  a  cloth  bag  filled  with  rags,  newspaper,  matches, 
and  one  fifth  ot  a  gallon  of  rum  and  placed  approximately  18  inches  below  the 
0 . 0 1  7  -  i  lie  h  thick  K*-vlar  ceiling  liner.  Halon  was  discharged  into  the  cargo 

compartment  approximately  14  seconds  aftei  smoke  detection.  The  backup  bottle  of 
Halon  was  discharge!  at  approximate i v  56  minutes.  At  approximately  80  minutes  into 
the  test,  flaming  i ombust ion  was  visible  in  t  ne  cargo  compartment.  The  test  was 
terminated  at  52  minutes  with  the  facility  002  extinguishing  system.  A  hole 
approx  imate  Lv  id.  t>v  id  inches  was  left  in  the  coiling  liner. 

The  fiberglass  and  Kevlar  cargo  liners  used  in  this  test  program  passed  the 
vortical  and  V>"  hanseii  burner  tests  spei  ;  t  i  oil  in  FAR  25.853  and  25.855.  The 
Kevlar  cargo  liners  did  not  pass  the  test  proposed  in  report  DOT/FAA/  CT-83/44 
!  reference  2).  This  test  utilizes  a  2-gallon  per  hour  kerosene  burner  and  has  been 
pi  oposed  as  h  new  t  si  t»i  .  lass  D  cargo  *  <>mp..rl  merit  liners.  Using  this  test,  the 
0.  Oil-inch  and  0  1  /  -  i  noli  Kevlar  cargo  lineis  horned  through  in  13  and  15  seconds, 
1 1  spei  t  fully.  lie  o.oij  i  ncii  fiberglass  was  exposed  to  the  burner  for  5  minutes 
with  no  burn-  tin  . igu  . 

lie  ■  t  t  ret  i  venes  s  a  no  f  it>er  glass  and  Kevl.oi  or  go  liners  as  fire  barriers  can  be 
s  'in  in  t  igures  1  i  ..u  i  ii.  Figure  Id  is  a  plot  of  the  highest  temperature  measured 
:>•• !  >w  and  above  t  h<  Kevlar  ceiling  liner  for  teat  9.  The  temperature  above  the 
i  :  ,e  ■  •  >..  eedei,  t  !  t  •  :  emper  at  ure  below  tile  line:,  **  •»:  1  v  in  the  test,  as  burn-through 

i.  red.  Hal  ki  was  1 1  ^charged  and  the  f  i  r>  w  is  suppressed  for  approximately  40 
,  lutes  before  it  tilled  up  again.  The  temp-  i  at  tire  above  the  liner  again  exceeded 
'!,•  •  empu:  at  ut  a.'  .'•.■low  the  liner  when  trie  file  ■.■ignited.  Figure  11  is  a  plat  of 

;/iest  t  e.np  :  at'ii-  measured  below  and  a!  -  c  t  he  fiberglass  ceiling  li  ter  for 

,  '  Ik.  ITte  ;  e  a  |  -■  r  at  u  r  e  below  the  !■  iet  . lei  16  0  0  F  before  halm  was 

ia  ,  at  ged  but  tite  temperature  above  t’e-  lii.et  reuta  j  .led  less  than  400  1  <>r  the 

■ :  tie  test. 

ability  o  t  tie-  Kevlar  and  fiberglass  1  titers  to  •  an  t  ro !  drafts  and  ventilation 
•  no  seen  in  itguie  i  .! .  That  figute  is  a  pi  >t  of  i.  he  halon  concentration  in  the 
si  article  versus  time.  in  the  test  wit!  a  Kevlar  liner  i  n  which  burn-through 
,  aired,  the  hal>n  .  uu.  eut  r  at  i  on  was  math  at  ned  above  3  percent  for  only  20 
i  antes.  In  the  t  •  st  with  a  f  i  be  t  1  .as  s  lii.e-,  the  halon  concent  rat  i  an  was  main- 

.  i  ned  above  3  per,  'in  lot  appr  ox  t  via:  .  ■ !  .•  40  mi  lutes. 
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The  ability  of  the  Kevlar  and  fiberglass  liners  to  limit  the  amount  of  smoke 
introduced  into  the  cabin  can  be  seen  in  figures  13  and  14.  Figure  13  shows  that 
in  the  test  with  the  Kevlar  liner  in  which  burn-through  occurred,  the  smoke  in  the 
cabin  became  dense  enough  to  reduce  light  transmission  to  approximately  50  percent 
of  that  of  clear  air.  This  occurred  twice,  once  during  the  initial  burn-through 
and  again  when  the  fire  reignited.  In  the  test  with  a  fiberglass  liner,  the 
light  transmission  in  the  cabin  was  reduced  to  approximately  70  percent  of  that 
of  clear  air.  This  occurred  early  in  the  test  and  was  probably  due  to  the  burning 
of  the  polyester  resin  on  the  back  face  of  the  cargo  liner.  The  light  trans¬ 
mission  in  the  cabin  came  back  up  to  near  100  percent  in  approximately  10  minutes 
and  remained  there  for  the  duration  of  the  test.  Figure  14  shows  the  light 
transmission  in  the  cabin  for  two  additional  tests.  In  the  test  with  the  Kevlar 
liner  in  which  burn  through  occurred  the  light  transmission  in  the  cabin  was 
reduced  to  approximately  90  percent  but  returned  to  near  100  percent  in  approxi¬ 
mately  5  minutes.  In  the  test  with  the  fiberglass  liner  the  light  transmission  was 
reduced  by  approximately  2  percent  and  then  returned  to  near  100  percent  shortly 
after.  Again,  this  was  probably  due  to  the  burning  of  the  polyester  resin  on  the 
back  face  of  the  cargo  liner. 

The  photoelectric  smoke  detectors  were  calibrated  by  the  manufacturer  to  alarm  at 
approximately  93  percent  light  transmission  over  1  foot.  One  of  the  requirements 
of  Technical  Standard  Order  (TSO)  Clb,  which  covers  the  detectors  used  in  cargo 
compartments  is  that  they  detect  the  presence  of  smoke  at  levels  between  84  and  96 
percent  light  transmission.  Table  2  gives  the  percent  light  transmission  as 
measured  by  the  smoke  meter  at  the  time  the  smoke  detector  alarmed  and  at  the  time 
they  dealarmed.  This  was  the  level  of  smoke  measured  by  the  smoke  meter  and  was 
not  necessarily  the  same  level  of  smoke  in  the  smoke  detector  chamber.  On  three 
occasions,  the  smoke  meter  measured  levels  of  smoke  significantly  below  the 
required  84  percent  when  the  smoke  detectors  alarmed.  This  occurred  in  tests  6, 
15,  and  19.  There  were  14  tests  in  which  the  smoke  detectors  dealarmed  and  smoke 
meter  data  were  available.  In  13  of  those  14  tests,  there  was  significant  levels 
of  smoke  in  the  compartment  when  the  detectors  dealarmed.  The  smoke  meter  measured 
light  transmission  ranging  from  26  to  87  percent  for  those  13  tests  at  the  times 
that  the  detectors  dealarmed. 

SUMMARY  OF  RESULTS 

1.  The  test  fires  were  not  successfully  suppressed  and  controlled  in  all  cases 
when  Kevlar  ceiling  cargo  liners  were  installed  in  the  test  article. 

2.  The  test  fires  were  successfully  suppressed  and  controlled  when  fiberglass 
ceiling  cargo  liners  were  installed  in  the  test  article. 

3.  The  smoke  detectors  did  not  alarm  for  several  minutes  during  many  of  the  tests 
and  dealarmed  when  there  was  still  significant  levels  of  smoke  in  the  compartment. 

4.  Smoke  was  present  in  the  overhead  cabin  during  several  tests.  This  occurred 
in  tests  using  Kevlar/epoxy  liners  and  in  tests  using  fiberglass/polyester  liners. 
The  greatest  amount  of  smoke  in  the  overhead  cabin  occurred  in  the  tests  with 
Kevlar/epoxy  liners  in  which  a  burn  through  occurred. 


TABLE  2.  SMOKE  DENSITY  IN  COMPARTMENT 


SMOKE 

SMOKE 

DENSITY 

DENSITY 

ALARM 

AT  ALARM 

DE-ALARM 

AT  DEALARM 

TIME 

(%  LIGHT 

TIME 

(%  LIGHT 

TEST 

(SECS) 

TRANSMISSION) 

(SECS) 

TRANSMISSION) 

1 

71 

99 

629 

47 

2 

87 

93 

1065 

32 

3 

25 

96 

863 

60 

4 

85 

96 

602 

65 

5 

206 

* 

/ 

/ 

6 

173 

70 

/ 

/ 

7 

100 

99 

474 

★ 

8 

112 

99 

/ 

/ 

9 

99 

99 

/ 

/ 

10 

76 

99 

3460 

57 

11 

59 

99 

/ 

/ 

12 

162 

90 

/ 

/ 

13 

250 

92 

/ 

/ 

14 

119 

99 

/ 

/ 

15 

214 

62 

490 

64 

16 

119 

100 

2130 

53 

17 

93 

96 

3430 

98 

18 

178 

84 

230 

26 

19 

185 

66 

210 

35 

20 

140 

94 

180 

32 

21 

10 

100 

240 

72 

22 

58 

99 

207 

87 

23 

186 

95 

270 

80 

Smoke  meter  data  not  available 
Detectors  did  not  dealarm 


CONCLUSIONS 


1.  The  halon  extinguishing  system  effectively  suppressed  the  initial  flames  and 
effectively  controlled  the  fire  provided  that  ceiling  liner  burn-through  did 
not  occur. 

2.  The  smoke  detection  system  did  not  always  give  early  warning  of  fire  and 
subsequently  gave  false  indications  of  the  level  of  smoke  in  the  compartment. 

3.  The  test  method  specified  in  FAR  25.853  does  not  assure  that  class  C  cargo 
liners  will  not  burn  through  when  subjected  to  realistic  fires. 

4.  Class  C  cargo  compartment  detection/extinguishing  systems  do  not  effectively 
control  cargo  fires  after  liner  burn-through  has  occurred. 
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FIGURE  1.  DC-10  AFT  CARGO  COMPARTMENT 


CABIN  INTERIOR 


FIGURE  2.  CABIN  VENTILATION  SYSTEM 


FIGURE  4.  CARGO  COMPARTMENT  LEAKAGE  DUCT 


FIVE  EACH) 


CEILING  CARGO 
LINER  TEST  SECTION 


f  SIDEWALL 
tCARGO  LINER 
TEST  SECTION 
(TEST  12) 


Smoke  meter 

^—Thermocouples  outside 
cargo  compartment 

Q -Thermocouples  inside 
cargo  compartment 

#  -Halon  analyzer  probes 

I -Oxygen  analyzer  probe 


FIGURE  7.  INSTRUMENTATION  LOCATION  END  VIEW 
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FIGURE  10.  TEMPERATURE  ABOVE  AND  BELOW  KEVLAR  CEILING  LINER 


ABOVE  LINER 


FIGURE  11.  TEMPERATURE  ABOVE  AND  BELOW  FIBERGLASS  CEILING  LINER 


FIGURE  12.  HALON  CONCENTRATION 


FIGURE  13.  SMOKE  DENSITY  IN  CABIN,  TEST  9  AND  11 


APPENDIX  A 


CARGO  COMPARTMENT  CLASSIFICATION  FAR  25.857  CLASSES  A  THROUGH  E 


Class  A 

A  class  A  cargo  or  baggage  compartment  is  one  in  which  (1)  the  presence  of  fire 
would  be  easily  discovered  by  a  crew  member  while  at  his  station;  and  (2)  each 
part  of  the  compartment  is  easily  accessible  in-flight. 

Class  B 


A  class  B  cargo  or  baggage  compartment  is  one  in  which  (a)  there  is  sufficient 
access  in  flight  to  enable  a  crew  member  to  effectively  reach  any  part  of  the 
compartment  with  the  contents  of  a  hand-held  fire  extinguisher;  (b)  when  the  access 
provisions  are  being  used,  no  hazardous  quantity  of  smoke,  flame,  or  extinguishing 
agent  will  enter  any  compartment  occupied  by  the  crew  and  passengers;  and  (c)  there 
is  a  separate  approved  smoke  detector  or  fire  detector  system  to  give  warning  at 
the  pilot  or  flight  engineer  station. 

Class  C 


A  class  C  cargo  or  baggage  compartment  is  one  not  meeting  the  requirements  for 
either  a  class  A  or  B  compartment  but  in  which  (1)  there  is  a  separate  approved 
smoke  detector  or  fire  detector  system  to  give  warning  at  the  pilot  or  flight 
engineer  station;  (2)  there  is  an  approved  built-in  fire  extinguishing  system 
controllable  from  the  pilot  or  flight  engineers  station;  (3)  there  are  means  to 
exclude  hazardous  quantities  of  smoke,  flames,  or  extinguishing  agent  from  any 
compartment  occupied  by  the  crew  or  passengers;  and  (4)  there  are  means  to  control 
ventilation  and  drafts  within  the  compartment  so  that  the  extinguishing  agent  used 
can  control  any  fire  that  may  start  within  the  compartment. 

Class  D 


A  class  D  cargo  or  baggage  compartment  is  one  in  which  (a)  a  fire  occuring  in  it 
will  be  completely  confined  without  endangering  the  safety  of  the  airplane  or  the 
occupants;  (b)  there  are  means  to  exclude  hazardous  quantities  of  smoke,  flames  or 
other  noxious  gases,  from  any  compartment  occupied  by  the  crew  or  passengers;  (c) 
ventilation  and  drafts  are  controlled  within  each  compartment  so  that  any  fire 
Likely  to  occur  in  the  compartment  will  not  progress  beyond  safe  limits;  and 
(d)  consideration  is  given  to  the  effect  of  heat  within  the  compartment  on  adjacent 
critical  parts  of  the  airplane.  For  compartments  of  500  cubic  feet  or  less, 
an  airflow  of  1500  cubic  feet  per  hour  is  acceptable. 

Class  E 


A  class  E  cargo  compartment  is  one  on  airplanes  used  only  for  the  carriage  of  cargo 
and  in  which  (a)  there  is  separate  approved  smoke  or  fire  detector  system  to  give 
warning  at  the  pilot  or  flight  engineer  station;  (b)  there  are  means  to  shut  off 
the  ventilation  airflow  to  or  within  the  compartment,  and  the  control  of  these 
means  are  accessible  to  the  flight  crew  in  the  crew  compartment;  (c)  there  are 
means  to  exclude  hazardous  quantities  of  smoke,  flames,  or  noxious  gases,  from  the 
flight  crew  compartment;  and  (d)  the  required  crew  emergency  exits  are  accessible 
under  any  cargo  loading  conditions. 
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